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Figure 13. Driving plots of 75 drivers for the MoDOT sign configurations 

When reviewing Figures 12 and 13, several patterns emerge. 

1. Drivers divided to two groups when they entered highway from ramp near x= -1400.  

Drivers in the 4
th

 age category (drivers over 64 years old) prefer lane 1 for lane change.  

Drivers in the 1
st
 age category (drivers over 18 and younger 24 years old) and the 2

nd
 

category (drivers over 25 and younger 44 years old) prefer lane 2 for lane change. 

2. After the shift signs shown in Figure 12 in MUTCD scenario and Figure 13 in MoDOT 

scenario at x=-500, most of the drivers continue driving in their chosen lane but some 

drivers change their lane and go through lane 4 and continue through the work zone. 

Drivers in the 4
th

 age category (drivers over 64 years old) prefer lane 1 for lane change.  
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Drivers in the 1
st
 age category (drivers over 18 and younger 24 years old) and the 2

nd
 

category (drivers over 25 and younger 44 years old) prefer lane 3 for lane change. 

3. After the work zone near x=1800 most of the drivers continue their lane but just a few of 

them change their lane. Drivers in the 4
th

 age category (drivers over 64 years old) prefer 

lane 1 to continue driving.  Drivers in the 1
st
 age category (drivers over 18 and younger 

24 years old) and the 2
nd

 category (drivers over 25 and younger 44 years old) prefer lane 

2 to continue their driving. 

From the two plots, no dramatic difference is observed in the driving patterns obtained for the 

MUTCD and MoDOT sign configurations. This is an indication both sign configurations 

provided similar results with respect to drivers’ response to the sign. For comparison, Figure 14 

shows the two driving patterns and the location of signs configurations. 

 

Figure 14. Plot of drivers’ lane change patterns 

4.1.4. Characterization of Drivers Based on Merge Positions 

By comparing Figures 12 and 13, two driving patterns are clearly revealed for both of the sign 

configurations. In what follows, the driving patterns are identified the drivers are characterized 

based on demographic information. 
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Classification of drivers for the MUTCD sign configuration: There were two clusters of 

drivers that split to the left-most and right-most lane during the simulation. These lanes are on 

either side of the work zone which starts at y=0 feet. This is classified as drivers that left split 

and right split based on the driving path. A driver is said to be part of the left split if he/she 

occupies the left-most lane available during the simulation. Similarly, a driver is said to be part 

of the right split if he/she occupies the right-most lane available during the simulation. The left 

split and right split clusters are obtained for the MUTCD sign configurations as illustrated in 

Table 2. 

Table 2. Clustering of drivers into left and right split for the MUTCD sign configurations 

 Left Split Right Split 

Total Drivers 41 34 

 

Characterization of drivers based on age for the MUTCD sign configuration: The drivers 

are characterized into the four age groups of 18-24 years, 25-44 years, 45-64 years and 65+. 

Table 3 summarizes the total number of drivers for each split for each of the four age categories. 

Table 3. Summary of total number of drivers for each split based on different age categories for 

the MUTCD sign configurations 

 AGE 

Split direction 18-24 25-44 45-64 65+ 

Left Split 6 22 12 1 

Right Split 4 8 16 6 

Total 10 30 28 7 

 

Figure 15 illustrates the distribution of the split of drivers based on the age category. The 

distribution of left split and right split drivers were analyzed with respect to the total distribution 

of 75 drivers. The blue bar indicates the percentage of left split drivers for each age category 

while the red bar indicates the percentage of drivers for the right split. The green bar indicates 

the total distribution of 75 drivers which captures the demography of all Missouri drivers. 
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Figure 15. Characterization of split drivers based on age for the MUTCD sign configurations 

Characterization of drivers based on gender for the MUTCD sign configuration: The split 

drivers are characterized based on gender. Table 4 indicates the total number of left and right 

split drivers under each category of gender. Figure 16 illustrates the percentage distribution of 

split drivers based on gender. 

Table 4. Total number of left and right split drivers based on gender for the MUTCD sign 

configurations 

 GENDER 

Split direction Female Male 

Left Split 21 20 

Right Split 20 14 

Total 41 34 
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Figure 16. Percentage distribution of left and right split drivers based on gender for the MUTCD 

sign configurations 

Characterization of drivers based on driving experience for the MUTCD sign 

configuration: Left and right split drivers are characterized based on the number of years of 

driving experience. The four categories for driving experience are <1 year, 1 to 5 years, 5-9 years 

and > 10 years. Table 5 indicates the total number of left and right split drivers under each 

category of driving experience. Figure 17 illustrates the percentage distribution. 

Table 5. Total number of left and right split drivers under each category of driving experience for 

the MUTCD sign configurations 

 DRIVING EXPERIENCE 

IN YEARS 

Split direction <1 1--5 5--9 >=10 

Left Split 0 10 3 28 

Right Split 1 2 2 29 

Total 1 12 5 57 
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Figure 17. Percentage distribution of left and right split drivers based on driving experience for 

the MUTCD sign configurations 

Characterization of drivers based on number of miles driven for the MUTCD sign 

configuration: Left and right split drivers are characterized based on the annual number of miles 

driven. The four categories for miles driven are < 1000 miles, 1000-5000 miles, 5000-10,000 

miles and > 10,000 miles. Table 6 indicates the total number of left and right split drivers under 

each category of miles driven. Figure 18 illustrates the percentage distribution. 

Table 6. Total number of left and right split drivers based on annual number of miles driven for 

the MUTCD sign configurations 

 ANNUAL NUMBER OF MILES DRIVEN 

Split direction <=1000 1000-5000 5000-10000 >=10000 

Left Split 3 2 7 29 

Right Split 3 6 6 19 

Total 6 8 13 48 
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Figure 18. Percentage distribution of left and right split drivers based on annual number of miles 

driven for the MUTCD sign configurations 

Classification of drivers for the MoDOT sign configuration: Similar set of analysis and 

characterization is conducted for the MoDOT sign configurations to spot differences in split 

patterns or distributions based on demography. Table 7 indicates the clustering of drivers into 

left and right split for the MoDOT sign configuration. 

Table 7. Clustering of drivers into left and right split for the MoDOT sign configurations 

 Left Split Right Split 

Total Drivers 45 30 

 

Characterization of drivers based on age for the MoDOT sign configuration: The drivers are 

characterized into the four age groups. Table 8 summarizes the total number of drivers for each 

split for each of the four age categories. Figure 19 illustrates the distribution of the split of 

drivers based on the age category. 
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Table 8. Summary of total number of drivers for each split based on different age categories the 

MoDOT sign configurations 

 AGE 

Split direction 18-24 25-44 45-64 65+ 

Left Split 7 21 16 1 

Right Split 3 10 11 6 

Total 10 31 27 7 

 

 

Figure 19. Characterization of split drivers based on age for the MoDOT sign configurations 

Characterization of drivers based on gender for the MoDOT sign configuration: The split 

drivers are characterized based on gender. Table 9 indicates the total number of left and right 

split drivers under each category of gender. Figure 20 illustrates the percentage distribution of 

split drivers based on gender. 

 

 

 

 

 



 

 18 

Table 9. Total number of left and right split drivers based on gender for the MoDOT sign 

configurations 

 GENDER 

Split direction Female Male 

Left Split 24 21 

Right Split 17 13 

Total 41 34 

 

 

Figure 20. Percentage distribution of left and right split drivers based on gender for the MoDOT 

sign configurations 

Characterization of drivers based on driving experience for the MoDOT sign 

configuration: Left and right split drivers are characterized based on the number of years of 

driving experience. Table 10 indicates the total number of left and right split drivers under each 

category of driving experience. Figure 21 illustrates the percentage distribution. 
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Table 10. Total number of left and right split drivers under each category of driving experience 

for the MoDOT sign configurations 

 DRIVING EXPERIENCE 

IN YEARS 

Split direction <1 1--5 5--9 >=10 

Left Split 0 8 5 32 

Right Split 1 4 0 25 

Total 1 12 5 57 

 

 

Figure 21. Percentage distribution of left and right split drivers based on driving experience for 

the MoDOT sign configurations 

Characterization of drivers based on number of miles driven for the MoDOT sign 

configuration: Left and right split drivers are characterized based on the number of miles driven 

annually. Table 11 indicates the total number of left and right split drivers under each category of 

miles driven. Figure 22 illustrates the percentage distribution. 
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Table 11. Total number of left and right split drivers based on annual number of miles driven for 

the MoDOT sign configurations 

 ANNUAL NUMBER OF MILES DRIVEN 

Split direction <=1000 1000-5000 5000-10000 >=10000 

Left Split 3 5 8 29 

Right Split 3 4 4 19 

Total 6 9 12 48 

 

 

Figure 22. Percentage distribution of left and right split drivers based on annual number of miles 

driven for the MoDOT sign configurations 

4.1.5. Statistical Data Analysis for Drivers Lane Change 

The first step for statistical data analysis is considering lane change of drivers in two scenarios 

and used Analysis of Variance (ANOVA) test to analyze if there was a significant difference 

between the lane changes of drivers in the two scenarios according to the following hypotheses 

at α=0.05 significance level. ANOVA is a statistical method that is widely used in researches to 

evaluate differences between one or more means.  



 

 21 

 H0-1: There was no significant difference between the lane changes of drivers in two 

scenarios versus, 

 Ha-1: At least one of the scenarios had a different lane change pattern, i.e., the 

assumption of H0-1 is not correct (Moradpour et al. 2015). 

Based on the data analysis, there was not a noticeable, statistical difference between lane change 

patterns of drivers in the MoDOT alternate signs with MUTCD signs in the work zone. In 

addition gender does not have significant effect on drivers’ lane change pattern. It was observed 

that in the case of the scenario and gender, P-value is >0.05, hence rejecting H0 and indicating 

that there is not sufficient evidence to conclude that both of these factors have significant effects 

on drivers lane change pattern. But regarding the age, the P-value is <0.05, which means that age 

has significant effect on drivers’ lane change pattern (see Table 12). 

Table 12. ANOVA analysis of drivers’ lane change patterns 

Source DF 

ADJ 

SS 

ADJ 

MS 

F-

Value 

P-

Value 

Scenario 1 0.16 0.16 0.76 0.38 

Gender 1 0.13 0.13 0.61 0.43 

Age 3 5.48 1.82 8.39 0 

 

 

4.2. Speed 

After analyzing lane change pattern, drivers’ speeds were analyzed. Figures 23 and 24 illustrate 

the plot of drivers’ speed in each scenario, respectively. Drivers’ average speed in two scenarios 

is shown in Figure 25. Based on Figure 25, average speed of drivers is 40.82 and 41.27 in 

MoDOT and MUTCD scenarios, respectively. So the drivers’ average speed in the MoDOT 

scenario is less than that in the MUTCD scenario. 
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Figure 23. Average speed of drivers in MoDOT scenario 

 

Figure 24. Average speed of drivers in MUTCD scenario 

 

Figure 25. Histogram of average speed in MoDOT scenario (scenario 1) and MUTCD scenario 

(scenario 2) 
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4.2.1. Statistical Data Analysis for Drivers Speed 

Analysis of Average Speeds: The average speed of all the age groups and genders in both 

driving scenarios is given in the following table. 

Table 13. Average speed of all age groups and genders in both driving scenarios 

  

MoDOT MUTCD 

Male Female Male Female 

18-24 44.09 36.06 42.64 37.32 

25-44 42.65 41.62 43.10 42.61 

45-64 41.23 38.28 40.93 39.59 

65+ 39.20 38.46 39.05 37.99 

 

To determine if there is any significant difference in the average speeds, the hypothesis test 

using two way ANOVA table where Driving Scenarios (MoDOT and MUTCD) are blocks, 

Gender and Age Groups as factors, was conducted. Therefore, this test design was Randomized 

Completely Block (RCB) Design. Due to different number of participants in each age group, the 

repetitions of all treatment combinations are not the same.   

The linear model of this experiment is  

                              

Here, Y is the average speed of a treatment combination, μ is the mean of all the treatments,     

represents the Gender effect on the average speed,    is the Age Group effect on the average 

speed,    represents the Driving Scenario (block) effect, (    ) is the interaction between the 

factors age group and gender, and      is the error component. 

Now, the null hypothesis is: 

 H0: All the average speeds are statistically the same. 

The alternate hypothesis is: 

 H1: H0 is false. 

The RCB design test is performed by using JMP-Statistical Analysis software. The results of the 

test are given in Table 14. 
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Table 14. ANOVA analysis over all participants’ average speeds 

Source DF Sum of Squares Mean Square F Ratio 

Model 8 527.2063 65.9008 3.1735 

Error 141 2927.9878 20.7659 Prob > F 

C. Total 149 3455.1941  0.0024* 

 

The ANOVA table (Table 14) shows that the P-value is 0.0024 which is less than 0.05 

(significance level), therefore, it is concluded  that  H0  is rejected, there is statistically 

significant difference between the average speeds of all the treatments, which means at least 

either one of the factors or the blocks is affecting the average speed of the driver. 

To understand the effects of factors and blocks on the average speed, the Effects Test was 

conducted and the results of the effects test are shown in Table 15.  

Table 15. Effects test results over all participants’ average speeds 

Source Nparm DF Sum of 

Squares 

F Ratio Prob > 

F 

Driving Scenarios 1 1 7.69617 0.3706 0.5436 

Gender 1 1 135.05727 6.5038 0.0118* 

Age group 3 3 256.09278 4.1108 0.0079* 

Gender*Age group 3 3 96.31002 1.5460 0.2053 

 

Test for Interactions using All Participants’ Average Speeds: Here, the effect of Gender and 

Age Group interaction is analyzed. 

 H0-Age Group*Gender: The Age Group and Gender do not interact with each other in the 

model and thus the effect is additive in nature, equivalently; 

 H0-Age Group*Gender: µijk - µij’k = µi’jk - µi’j’k. 

From the Effect Tests results (Table 15), it can be seen that the effect of interaction between 

factors Gender and Age Group on the average speed is not significant because its P-value, 

0.2053, is greater than 0.05. The null hypothesis, H0-Age Group*Gender, with 95% confidence is not 

rejected and it is concluded that there is no interaction between the gender and age group. 
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Test for Main Effects using All Participants’ Average Speeds: Here, the effects of individual 

factors and blocks on average speed are analyzed. 

 H0-Driving Scenario: The average speed in both driving scenarios is the same, i.e., 

 H0-Driving Scenario: µij1= µij2. 

The P-value for Driving Scenarios, 0.5436, from the effect tests (Table 15) is greater than 0.05, 

which means there is no significant effect of driving scenario on the average speed. Therefore, 

H0-Driving Scenario is not rejected. 

 H0-Gender: The average speed of both genders is the same, i.e.,  

 H0-Gender: µi1k= µi2k. 

The P-value of the factor gender in effect tests (Table 15) is 0.0118, which is less than 0.05, 

therefore, H0-Gender is rejected, which means factor gender has significant effect on the average 

speed of a driver. There are two levels of this factor, male and female, the average speed of both 

levels is different from each other. 

 H0-Age Groups: The average speed of all age groups is the same, i.e., 

 H0-Age Groups: µ1jk= µ2jk = µ3jk= µ4jk. 

The P-value of Age Groups is 0.0079 in Table 15, which is less than 0.05, therefore, H0-Age Groups 

is rejected, which means Age Groups have significant effect on the average speed of a driver. 

There are four levels of age groups, the average speed of at least one level is different from 

others.  

Based on the above results, Gender and Age Group have effects on average speeds. Additional 

tests like Least Squares Means Differences should be conducted to better understand the effect of 

gender and age groups. In what follows, the results of Least Squares Means Differences test 

(LSMeans student’s t test) are discussed for gender and age groups. 

Analysis using Least Squares Means using All Participants’ Average Speeds: To better 

understand the effects of the factors and blocks, the LSMeans student’s t test was performed on 

the whole data. The results of LSMeans student’s t test for the factors and the blocks are given 

below.  

Table 16 shows the LSMeans student’s t test results for gender. 
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Table 16. LSMeans student’s t test results for gender 

Level   Least Sq Mean 

MALE A  41.609299 

FEMALE  B 38.991137 

For Gender, the levels male and female are represented with different letters, therefore, the 

average speeds of males and females are significantly different. 

Table 17 shows the LSMeans student’s t test results for age groups. 

Table 17. LSMeans student’s t test results for age groups 

Level   Least Sq Mean 

25-44 A  42.494518 

18-24 A B 40.027071 

45-64  B 40.008425 

65+  B 38.670858 

 

Here, the age groups 25-44 and (65+& 45-64) are represented with different letters, therefore, it 

can be said that the average speeds of these age groups are statistically different from each other 

and the other age group is represented with both letters, which means the average speeds of this 

age groups is statistically same as other age groups.   

Based on the above results, next analyses focus on investigating each gender group and each 

age group individually. 

Analysis of Average Speeds of Females: Here, the average speeds of the females from the 

different age groups are compared with each other. The average speeds of females within 

different age groups in both scenarios are given in Table 18. 
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Table 18. Average speeds of females from all age groups in both driving scenarios 

Average Speeds of  Female Participants 

                                                        Age Groups 

Driving Scenario 18-24 25-44 45-64 65+ 

MoDOT 36.06 41.62 38.28 38.46 

MUTCD 37.32 42.61 39.59 37.98 

 

The hypothesis test was done to analyze any significant difference in the average speed of the 

females from different age groups. One way RCB design in ANOVA analysis with Age Groups 

as a factor and Driving Scenario as a block was conducted. In the one way RCB design, it is 

assumed that there is no interaction between Driving Scenario and Age Group based on the 

previous results as well as due to the different number of participants in each age group (i.e., the 

repetitions of all treatment combinations are not same).  

Here, the null hypothesis is:  

 H0-females: The average speed of all female drivers is the same. 

The alternate hypothesis is: 

 H1-females: At least one female driver has different average speed than other female 

drivers. 

The analysis of variance results derived from the female participants’ data are given in Table 

19. 

Table 19. ANOVA analysis over female participants’ average speeds 

Source DF Sum of Squares Mean Square F Ratio 

Model 4 278.2645 69.5661 5.2640 

Error 75 991.1568 13.2154 Prob > F 

C. Total 79 1269.4213  0.0009* 

 

The P-value in Table 19 is 0.0009, which is less than the significance level 0.05, therefore the 

null hypothesis H0-females is rejected. The average speeds of all female drivers are not the same, 

i.e., at least one female driver has different average speed than the other female drivers. 

Therefore, H0-females is rejected. 
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To understand the effect of the block, Driving Scenarios, and the factor, age group, on the 

female participants’ average speeds, the effects test was conducted using female participants’ 

average speed data and the results of the effects test are shown in Table 20.  

Table 20. Effects test results over female participants’ average speeds 

Source Nparm DF Sum of Squares F Ratio Prob > F 

Driving Scenarios 1 1 23.11990 1.7495 0.1900 

Age Groups 3 3 255.14459 6.4355 0.0006* 

 

Test for Main Effects using Female Participants’ Average Speeds: Here, the effects of 

individual factors and blocks on average speed of female drivers are analyzed. 

 H0-Driving Scenario: The average speed of female drivers in both driving scenarios is the 

same, i.e., 

 H0-Driving Scenario: µi1= µi2. 

The P-value, 0.1900, from the effects test result given in Table 20 is greater than 0.05, which 

means there is no significant effect of driving scenario on the average speed of the female 

drivers. Therefore, H0-Driving Scenario is not rejected. 

 H0-Age Groups: The average speed of female drivers of all age groups is the same, i.e., 

 H0-Age Groups: µ1k= µ2k = µ3k= µ4k . 

The P-value from the effects test results given in Table 20 is 0.0006 and less than 0.05, which 

means there is significant effect of age groups on the average speed of female drivers. Therefore, 

H0-Age Groups is rejected. 

Based on the above results, Age Group has effects on the average speeds of the female drivers. 

In what follows, the results of LSMeans student’s t test using female participants’ average speeds 

are discussed for age groups. 

Analysis using Least Squares Means using Female Participants’ Average Speeds: To better 

understand the effects of age groups on female drivers’ average speeds, LSMeans student’s t test 

was performed on the female participants’ data. The results of the LSMeans student’s t test using 

female participants’ average speeds for age groups are given in Table 21. 
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Table 21. LSMeans student’s t test results for age groups using female driver data 

Level   Least Sq Mean 

25-44 A  42.118454 

45-64  B 38.933273 

65+  B 38.222298 

18-24  B 36.690525 

 

As can be seen from Table 21, the age groups 45-64, 65+, and 18-24 are represented by same 

letter, therefore, it can be concluded that these age groups do not have significant difference in 

their average speeds. But, the age group 25-44 is represented by different letter, which means 

this age group is significantly different from other age groups. The females from age group 25-

44 have a higher average speed than other age groups. 

Analysis of Average Speeds of Males: Here, the average speeds of the male drivers from the 

different age groups are compared with each other. The average speeds of males within different 

age groups in both scenarios are given in Table 22. 

Table 22. Average speeds of males from all age groups in both driving scenarios 

Average Speeds of Male Participants 

 

Age groups 

Driving Scenario 18-24 25-44 45-64 65+ 

MoDOT 44.09 42.64 41.23 39.19 

MUTCD 42.64 43.10 40.93 39.05 

 

The hypothesis test was done to analyze any significant difference in the average speed of the 

males from different age groups. One way RCB design in ANOVA analysis with Age Groups as 

a factor and Driving Scenarios as a block was conducted. In the one way RCB design, it is 

assumed that there is no interaction between Driving Scenario and Age Group based on the 

previous results as well as due to the different number of participants in each age group (i.e., the 

repetitions of all treatment combinations are not same).  

Here, the null hypothesis is:  

 H0-males:  The average speed of all male drivers is the same. 
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The alternate hypothesis is: 

 H1-males: At least one male driver has different average speed than other male drivers. 

The analysis of variance results derived from the male participants’ data are given in Table 23. 

Table 23. ANOVA analysis over male participants’ average speeds 

Source DF Sum of Squares Mean Square F Ratio 

Model 4 148.7061 37.1765 1.2584 

Error 65 1920.2424 29.5422 Prob > F 

C. Total 69 2068.9484  0.2954 

 

The P-value in Table 23 is 0.2954, which is greater than significance level 0.05, therefore the 

null hypothesis H0-males is not rejected. The average speed of all male drivers is the same, i.e., 

there is no significant difference between average speeds of male drivers. 

Analysis of Average Speeds within Age Group 18-24: Here, the average speeds of the drivers 

within age group 18-24 from the different gender groups are compared with each other. The 

average speeds of drivers within age group 18-24 from the different gender groups in both 

scenarios are given in Table 24. 

Table 24. Average speeds of drivers in age group 18-24 

  18-24 

  MALE  FEMALE 

MoDOT 44.09 36.06 

MUTCD 42.64 37.32 

 

The number of repetitions of all treatment combinations is not same. To understand the driving 

behavior within this age group ANOVA test was done. Here, Driving scenarios were blocks and 

gender was a factor. 

Here, the null hypothesis is:  

 H0-(18-24):  The average speed of all drivers in age group 18-24 is the same. 

The alternate hypothesis is: 

 H1-(18-24): At least one driver in age group 18-24 has different average speed than other 

drivers in age group 18-24. 
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The ANOVA results are given in Table 25. 

Table 25. ANOVA analysis over average speeds of participants in age group 18-24 

Source DF Sum of Squares Mean Square F Ratio 

Model 3 152.48320 50.8277 2.0749 

Error 16 391.95090 24.4969 Prob > F 

C. Total 19 544.43410  0.1439 

 

The P-value, 0.1439, in Table 25 is greater than the significance level (0.05). Therefore, H0-(18-24) 

is not rejected. In this age group, males and females have no significant difference in their 

average speeds in both driving scenarios.  

Analysis of Average Speeds within Age Group 25-44: Here, the average speeds of the drivers 

within age group 25-44 from the different gender groups are compared with each other. The 

average speeds of drivers within age group 25-44 from the different gender groups in both 

scenarios are given in Table 26. 

Table 26. Average speeds of drivers in age group 25-44 

 

25-44 

 

MALE FEMALE 

MoDOT 42.64 41.62 

MUTCD 43.10 42.61 

 

The number of repetitions of all treatment combinations is not same. To understand the driving 

behavior within this age group ANOVA test was done. Here, Driving scenarios were blocks and 

gender was a factor. 

Here, the null hypothesis is:  

 H0-(25-44):  The average speed of all drivers in age group 25-44 is the same. 

The alternate hypothesis is: 

 H1-(25-44): At least one driver in age group 25-44 has different average speed than other 

drivers in age group 25-44. 
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The ANOVA results are given in Table 27. 

Table 27. ANOVA analysis over average speeds of participants in age group 25-44 

Source DF Sum of Squares Mean Square F Ratio 

Model 3 18.7447 6.2482 0.1980 

Error 58 1829.9546 31.5509 Prob > F 

C. Total 61 1848.6993  0.8973 

 

The P-value, 0.8973, in Table 27 is much greater than the significance level (0.05). Therefore, 

H0-(25-44) is not rejected. In this age group, males and females have no significant difference in 

their average speeds in both driving scenarios.  

Analysis of Average Speeds within Age Group 45-64: Here, the average speeds of the drivers 

within age group 45-64 from the different gender groups are compared with each other. The 

average speeds of drivers within age group 45-64 from the different gender groups in both 

scenarios are given in Table 28. 

Table 28. Average speeds of drivers in age group 45-64 

 

45-64 

 

MALE FEMALE 

MoDOT 41.23 38.28 

MUTCD 40.93 39.59 

 

The number of repetitions of all treatment combinations is not same. To understand the driving 

behavior within this age group ANOVA test was done. Here, Driving scenarios were blocks and 

gender was a factor. 

Here, the null hypothesis is:  

 H0-(45-64):  The average speed of all drivers in age group 45-64 is the same. 

The alternate hypothesis is: 

 H1-(45-64): At least one driver in age group 45-64 has different average speed than other 

drivers in age group 45-64. 
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The ANOVA results are given in Table 29. 

Table 29. ANOVA analysis over average speeds of participants in age group 45-64 

Source DF Sum of Squares Mean Square F Ratio 

Model 3 71.37581 23.7919 2.5921 

Error 50 458.94015 9.1788 Prob > F 

C. Total 53 530.31596  0.0630 

 

The P-value, 0.063, in Table 29 is very close to the significance level (0.05), therefore, H0-(45-64) 

should not be rejected right away. Further analysis, i.e., Effects Test, to understand the effects of 

factors on response variable should be conducted. The results of the effects test are shown in 

Table 30.  

Table 30. Effects test results over average speeds of participants in age group 45-64 

Source Nparm DF Sum of 

Squares 

F Ratio Prob > F 

Driving Scenario 1 1 3.066726 0.3341 0.5658 

Gender 1 1 55.485731 6.0450 0.0175* 

 

Test for Main Effects using the Average Speeds of Participants in Age Group 45-64: Here, 

the effects of individual factors and blocks on average speed of the drivers in age group 45-64 

are analyzed. 

 H0-Driving Scenario: The average speeds of the drivers in age group 45-64 are the same in 

both driving scenarios. 

The P-value, 0.5658, in Table 30 is greater than the significance level (0.05), which means there 

is no significant effect of driving scenario on the average speed of the drivers in age group 45-64. 

Therefore, H0-Driving Scenario is not rejected. 

 H0-Gender: The average speeds of the drivers in age group 45-64 are the same for both 

genders (male and female). 

The P-value, 0.0175, in Table 30 for the factor gender is less than the significance level (0.05), 

therefore, H0-Gender is rejected, which means factor gender has significant effect on the average 
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speed of a driver in this age group. There are two levels of this factor, male and female, the 

average speed of both levels is different from each other. 

Based on the above results, gender has effects on the average speeds of the drivers in age group 

45-64. In what follows, the results of LSMeans student’s t test using average speeds of the 

participants in age group 45-64 are discussed for gender. 

Analysis using Least Squares Means using Average Speeds of the Participants in Age 

Group 45-64: To better understand the difference in the levels of factor Gender on age group 

45-64, LSMeans student’s t test was performed on the data of the drivers in age group 45-64. 

The results of LSMeans student’s t test for Gender are given in Table 31. 

Table 31. LSMeans student’s t test for gender using average speeds of participants in age group 

45-64 

Level   Least Sq Mean 

MALE A  41.083578 

FEMALE  B 38.933273 

 

As can be seen from Table 31, male and female are represented with different letters, which 

means the difference in their speed is significant and males have higher average speed than 

females in this age group. 

Analysis of Average Speeds within Age Group 65+: Here, the average speeds of the drivers 

within age group 65+ from the different gender groups are compared with each other. The 

average speeds of drivers within age group 65+ from the different gender groups in both 

scenarios are given in Table 32. 

Table 32. Average speeds of drivers in age group 65+ 

  65+ 

  MALE  FEMALE 

MoDOT 39.20 38.46 

MUTCD 39.05 37.98 
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The number of repetitions of all treatment combinations is not same. To understand the driving 

behavior within this age group ANOVA test was done. Here, Driving scenarios were blocks and 

gender was a factor. 

Here, the null hypothesis is:  

 H0-(65+):  The average speed of all drivers in age group 65+ is the same. 

The alternate hypothesis is: 

 H1-(65+): At least one driver in age group 65+ has different average speed than other 

drivers in age group 65+. 

The ANOVA results are given in Table 33. 

Table 33. ANOVA analysis over average speeds of participants in age group 65+ 

Source DF Sum of Squares Mean Square F Ratio 

Model 3 2.57602 0.8587 0.0393 

Error 10 218.48052 21.8481 Prob > F 

C. Total 13 221.05654  0.9890 

 

The P-value, 0.9890, in Table 33 is much greater than the significance level (0.05). Therefore, 

H0-(65+) is not rejected. In this age group, males and females have no significant difference in 

their average speeds in both driving scenarios.  

Analysis of Average Speeds Before and After the MUTCD and MoDOT Lane Split Signs: 

The difference in the average speed of the driver before the lane split sign compared to the 

average speed after the lane split sign was analyzed. The results from this analysis can be used to 

determine if there is any change in the driving speed after a driver notices the sign. 

The position of the lane split sign is (-550, 30) & (-550, -30) in both scenarios. The data was 

analyzed to determine if there is any difference in the average speed of the drivers before and 

after the sign. The average of 10 speed readings before the lane split sign is called average speed 

before the sign and the average of 10 speed readings after the lane split sign is called average 

speed after the sign. Therefore, for each driver before and after the sign average speeds in each 

scenario, i.e., 4 different average speeds, are collected.   
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To determine whether there is any significant difference in the average speeds, the hypothesis 

test using three way ANOVA table analysis, where Age Group, Gender and Before & After sign 

position were factors, was conducted. The Driving Scenarios (MoDOT and MUTCD) were 

blocks. Therefore, this test design is RCB Design as well. 

Here, the null hypothesis is: 

 H0-before & after sign:  The average speed of all participants before and after signs are the 

same. 

The alternate hypothesis is: 

 H1-before & after sign: At least one participant has different average speed than the other 

participants. 

JMP-Statistical Analysis software was used to analyze the data and the ANOVA results are 

shown in Table 34. 

Table 34. ANOVA analysis over all participants’ before and after sign average speeds 

Source DF Sum of Squares Mean Square F Ratio 

Model 16 2805.330 175.333 2.9166 

Error 283 17012.672 60.115 Prob > F 

C. Total 299 19818.002  0.0002* 

 

The P-value in Table 34 is 0.0002, which is less than the significance value (0.05). This means 

that at least one of the participants has different average speed from the rest. Therefore, H0-before 

& after sign is rejected. 

To understand the effect of factors and blocks on the average speeds, the Effect tests was 

conducted and the results of effects test are shown in Table 35.  
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